To verify if and to what extent egg and nauplii development of the salmon lice take place during winter, the development from egg to the copepodid stage at 2,3,4,5 and 10°C was examined.
Initially, no significant differences in egg development time were found between these and larger aerated systems, though a tendency for less synchronised hatching of the total egg string was detected in the stagnant systems (difference< 12 h). In light versus dark conditions the time to hatching was significantly prolonged by darkness (10-15%). The use of small stagnant experimental units was a pronounced simplification of hatching methods used earlier. At low temperature all but one pair of e gg strings hatched. Time to first hatching was found to be 45.1±0.5 days at 2°C, 35.2±0.4 days at 3°C, 27.6±0.2 days at 4°C, 21.6±0.1 days at 5°C and 8.7±0.1 days at 10°C. The developmental time to hatching correlated to temperature fitted the polynomial function: Days to first hatching=0.6638 T² -12.492T + 67.116 (R²=0.99). A high proportion of the nauplii developed to the copepodid (infectious stage) stage at 4°C and higher but only a small proportion at 2 and 3°C. Total developmental time to copepodid ranged from 12.7 days at 10°C to 68.5 days at 2°C or to the polynomial function Days to first copepodid = 1.0236 Tˉ² -19.129 T + 101.5 (R²=0.995). The «physiological a ge» at hatching, i.e. the product of days and the respective temperature, showed not to be linearly correlated to temperature, but showed a maximum at 4°C. Average age at hatching was 90°days at 2°C and 110°d ays at 4°C. Thus the egg strings of the winter population appeared to be adapted to very low temperature by reducing the time for egg development. (Maroni et ah, 1994) . Salmon lice are also a major problem in other salmon producing countries such as Ireland, Scotland and Shetland and Canada (Wootten, 1982; Pike, 1989; Hogans & Trudeau, 1989; Costello, 1993; Jackson & Minchin, 1993) .
The life cycle of salmon lice consists of 10 life stages with each separated by a moult. The first two stages are the nauplii, which are planktonic and non-feeding. Following the naupliar stages there is a single infectious copepodid stage which is also planktonic and non-feeding until it locates a host ' (Kabata, 1979; Johnson & Albright, 1991 
Material and methods

Egg string collection
In the first experiments salmon lice were collected from Atlantic salmon reared in net-pens. Ovigerous female lice with both egg strings intact were removed and put into autoclaved sea water (see below). Egg strings were removed if necessary by cutting them from the female with a scalpel. Viability of egg strings was determined following the method of Ritchie et al. (1993) . Briefly, egg strings were examined using dissecting microscope and only those pairs of egg strings where both were opaque with symmetrically stacked eggs were regarded as viable. Egg strings that totally lacked the black pigmentation found in more mature egg strings were regarded as newly extruded.
In the later experiments egg strings of known age were obtained as follows: infected Atlantic salmon were anaesthetised and all salmon lice except for pairs in precopulae and virgin females were removed. These salmon were then transferred to indoor tanks (2 m 3 ) and examined twice a day for the presence of ovigerous females. When egg strings were observed the salmon was anaesthetised and the female removed. All pairs of egg strings were thus the first eggs from each female louse. Egg strings were then transferred to individual hatching systems.
Water quality
To control microbial activity in the hatching systems two sorts of pre treated sea water were used.
In the preliminary trials sand filtered autoclaved sea water adjusted to 80% salinity before heat treatment, was used. For the main trial we chose sand filtered microbially matured sea water after the method of Skjermo et al. (1997) . The benefit of the so called «aged» water is that slow growing bacteria, thought to be benign, will dominate the flora and as such prevent the development of other bacteria. Ambient sea water salinity was 34.0±0,5
ppt.
Development of hatching systems
All experiments were conducted under static conditions using filtered and either autoclaved or aged sea water.
Method experiment 1: Aeration and volume of experimental units
In our preliminary trials we examined the effect of aeration and container volume on the hatching success of egg strings at 5 and 10°C (Table I) removed. Aeration was provided by two aquarium chalimus stages, two free-moving preadults and an adult stage (Kabata, 1979; Johnson & Albright, 1991; Schram, 1993) . Development for all stages has been reported to occur between 5-22°C (Wootten et ah, 1982; Johannesen, 1978; Tully, 1989; Johnson & Albright, 1991) . Egg strings are reported to hatch over a temperature range of 5-16°C when the ovigerous females had been acclimatised in 9°C (Johannesen, 1978) . Since there were no significant differences in hatching success between containers with and without aeration or between petri dishes or Nunc niultiwell dishes (Table I) 
Results
All egg strings in light and darkness hatched. A small, but significant (t-test, paired comparisons, p>0.05) prolonged time to first registration of hatching was found in darkness (Fig. la) . This tendency was more pronounced in time to hatching of the whole egg string (Fig. lb) .
In the low temperature experiments, all but one pair of strings from 5°C and the control hatched. (Fig. 2) . The developmental time correlated to temperature fitted the polynomial function: Time of the egg strings reared at 2°C, 42% of the egg strings at 3°C, 100% at 4°C and 75% at 5°C. All egg strings at 10°C except one produced copepodids.
For 2 and 3°C only few animals were produced from each of the strings hatching. Total developmental time to copepodid ranged from 12.7 days at I0°C to 68.5 days at 2°C (Fig. 2) . The data fitted the polynomial equation Days to first copepodid = 1.0236 T 2 -19.129 T + 101.5 (R 2 =0.995).
Discussion
In this study, eggs from cold (6.8°C) adapted L.
salmonis hatched and developed to the infectious copepodid stage at temperatures as low as 2°C.
This suggests that development and hatching of the eggs of this species can occur throughout the winter. This is supported by the presence of copepodids and ovigerous females on net-pen reared salmon in Norwegian waters during periods of low water temperature (Boxaspen, 1997) . However, de- velopment from the egg to the infectious copepodid stage takes up to 2 months at 2°C. Such long period with 2°C is very uncommon along the west coast of Norway where the general winter temperature is in the range of 3-6°C (Fig. 4) . Johannesen (1975) reported that the egg strings of salmon lice did not hatch below 5°C. However, in his studies the eggs were produced by copepods living at temperatures of 9 or 11,5°C. According to Ritchie et al. (1993) (Johnson and Albright, 1991) and the eastern Atlantic. However, due to the use of darkness during egg development in our experi- 
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This was found to be 10-15% at 10°C (cf. Fig. 1 ).
The presented numbers for nauplii and copepodid developmental times and thereby the fitted functions arc therefore most probably higher than real values.
The lack of success in producing copepodids below 4°C could be an effect of low temperature.
However the use of small containers in this study may also have effected these results. Further study is required to determine both survival to the copepodid stage and the infectivity of copepodids produced at low temperatures.
A way to present the physiological age of the eggs at hatching is to calculate the degree days at hatching, i.e. the product of days and the respective temperature (C). A plot of this showed that the «physiological age» of the eggs was not linearly correlated to temperature, but showed a maximum at 4°C (Fig. 3) . Average time to first hatching ranged from 90.16 day degrees at 2°C to 110.59 day degrees at 4°C. Thus the egg strings of the winter population appeared to be adapted to very low temperature by reducing the time for egg development.
